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Laboratory analysis of risky driving at 0.05% and 0.08% blood
alcohol concentration
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Abstract
Background—The public health costs associated with alcohol-related traffic crashes are a
continuing problem for society. One harm reduction strategy has been to employ per se limits for
blood alcohol concentrations (BACs) at which drivers can legally operate motor vehicles. This
limit is currently 0.08% in all 50 US states. Recently, the National Transportation Safety Board
proposed lowering the legal limit to 0.05 % (NTSB, 2013). While research has well-validated the
ability of alcohol to impair driving performance and heighten crash-risk at these BACs, relatively
little is known about the degree to which alcohol might increase drivers’ risk-taking.
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Methods—Risk-taking was examined in 20 healthy adults who were each tested in a driving
simulator following placebo and two doses of alcohol calculated to yield peak BACs of 0.08% and
0.05%, the respective current and proposed BAC limits. The drive test emphasized risk-taking by
placing participants in a multiple-lane, high-traffic environment. The primary measure was how
close drivers maneuvered relative to other vehicles on the road (i.e., time-to-collision, TTC).
Results—Alcohol increased risk-taking by decreasing drivers’ TTC at the 0.08% target BAC
relative to placebo. Moreover, risk-taking at the 0.05% target was less than risk-taking at 0.08%
target BAC.
Conclusions—These findings provide evidence that reducing the legal BAC limit in the USA to
0.05% would decrease risk-taking among drivers. A clearer understanding of the dose-response
relationship between various aspects of driving behaviors, such as drivers’ accepted level of risk
while driving, is an important step to improving traffic safety.
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1. Introduction
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In the United States, driving while intoxicated leads to an estimated 120 million occurrences
of impaired driving per year (e.g., Blincoe et al., 2015; Jewett et al., 2015). In the US,
drivers may be arrested for driving under the influence of alcohol (DUI) if their blood
alcohol concentration (BAC) exceeds the “per se” legal limit of 0.08%. However, it is wellknown that individuals differ in their responses to alcohol and individuals may be impaired
well below this limit (for a review, see: Ogden and Moskowitz, 2004). Indeed, many
countries have adopted lower BAC limits (i.e., between 0.02% and 0.05%) in an effort to
reduce motor vehicle crashes (MVCs) and improve public safety. Recently the National
Transportation Safety Board issued a recommendation that the United States lower its legal
BAC limit from 0.08% to 0.05% (NTSB, 2014). As such, it is important to determine
precisely how the adverse effects of alcohol on driving behavior are lessened when the BAC
of the driver is reduced from 0.08% to 0.05%.
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For many years laboratory studies of simulated driving have sought to determine factors that
contribute to MVCs. Two aspects of driving performance shown to contribute to MVCs are
drivers’ skill and their propensity to engage in risk-taking behaviors. In terms of driver skill,
it is suggested that MVCs are caused by deficits in basic skills, such as slowed reaction
times and poor motor coordination. Such skill deficits may result in increased rates of
swerving, exaggerated and delayed steering wheel manipulations to correct for lane position,
and greater deviations of vehicle drive speed (for a review, see Ranney, 1994). However, it is
also recognized that MVCs may be caused by the driver engaging in risk-taking behaviors.
Indeed, reports indicate that risky driving accounts for a significant proportion of traffic
fatalities in young adults (Department of Transport and Main Roads, 2011). Risk-based
models of driving behavior suggest that drivers select a level of risk for traffic injury/
collision they are willing to accept (i.e., a safety margin) and then drive in accordance with
that risk level. Risk-taking is often measured by proxemics, indicated by instances where
drivers maneuver close to other vehicles on the road. For example, drivers who adopt a highrisk acceptance are more likely to place their vehicle closer to other vehicles (e.g., tailgating)
on the road compared with drivers with low-risk acceptance. This risk-taking behavior is
quantified by determining drivers’ time-to-collision (TTC). TTC is a time-related safety
margin measure determined by the bumper-to-bumper distance between the driver’s vehicle
and other vehicles on the road, divided by the closing speed of the vehicles (Taieb-Maimon
and Shinar, 2001; Zhang and Kaber, 2013). Thus, TTC provides a measure of the time (in
seconds) it would take for a collision to occur between two or more vehicles on the roadway
(Zhang et al., 2006). Risky driving is evidenced by lower TTC values compared with nonrisky driving. Research indicates that greater risk-taking, as measured by TTC, is associated
with increased risk for MVCs (e.g., Hayward, 1972; Ranney, 1994; Summala, 1985, 1988;
Wilde, 1982).
It is also recognized that alcohol likely contributes to MVCs by its joint effects of impaired
driver skill and increased risk-taking behavior. Laboratory studies of the acute impairing
effects of alcohol using high-fidelity driving simulators have clearly established the ability
of alcohol to impair several basic driving behaviors reflective of skill. Indeed, research
indicates that alcohol-induced impairment of driving performance leads to increased
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standard deviation of the vehicle’s lane position on the road (SDLP), increased and delayed
steering corrections, and increased lane exceedances (for a review, see: Ogden and
Moskowitz, 2004). As such, intoxicated drivers are less able to execute small, continuous
steering wheel manipulations necessary to maintain the center position of their lane than
sober drivers. Moreover, there is evidence that alcohol impairs these skill-based driving
behaviors at and below the current legal limit BAC in the United States, 0.08% (e.g.,
Mitchell, 1985; Moskowitz and Fiorentino, 2000; Moskowitz and Robinson, 1988).
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By contrast, less is known about alcohol effects on risk-taking at BACs below 0.08%. To our
knowledge, only a few laboratory studies have examined risky driving in response to alcohol
(see: Burian et al., 2002, 2003; Cohen et al., 1958; Laude and Fillmore, 2015; Leung and
Starmer, 2005). In general, these studies have shown that alcohol increases risky decisions
while driving. For example, studies have found that intoxicated drivers are more willing to
choose risky traffic lanes over less-risky options (Burian et al., 2002, 2003), maneuver
through narrower gaps (Cohen et al., 1958), and underestimate potential collision time with
oncoming traffic (Leung and Starmer, 2005). A recent study conducted in our laboratory
examined driver risk-taking as measured by TTC following placebo and an acute dose of
alcohol designed to produce a peak BAC of 0.08% (Laude and Fillmore, 2015). Under
alcohol, drivers decreased their TTC by driving closer to other vehicles on the roadway
relative to placebo. Examination of individual differences in response to alcohol showed that
the magnitude of alcohol effect on risk-taking was independent of the magnitude with which
the drug impaired drivers’ skill. As such, it is possible for alcohol to promote risk-taking in
drivers even in cases where the drug has little effect on their skill. While this hypothesis has
received little research attention, the assumption that driver skill could be distinguished from
driver risk-taking has been held for some time (Barry, 1973).
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Increased risk-taking while intoxicated is likely due in part to the disinhibiting effects of the
drug on impulse control. Laboratory evidence implicates inhibitory control as an important
contributor toward maladaptive, impulsive driving behaviors. Indeed, in a laboratory study
of alcohol effects, we have shown that individuals whose inhibitory control was most
impaired by alcohol on a cued go/no-go task also displayed the greatest level of risky driving
behaviors under the drug (Fillmore et al., 2008). This relationship suggests that risky driving
could be decreased in situations in which inhibitory control is improved. A number of
studies have examined the effect of alcohol on inhibitory control using alcohol doses that
produce peak BACs between 0.05% and 0.08% (for a review, see: Weafer and Fillmore,
2016). In general, these studies provide some evidence that the disinhibiting effect of alcohol
is less pronounced at a BAC of 0.05%, compared with 0.08% (Marczinski and Fillmore,
2003). Given the importance of inhibitory control to risky driving behavior, there is reason to
suspect that risky driving might also decrease in a similar manner at BACs below 0.08%.
The current study tested this hypothesis in a sample of healthy adult drivers who completed
a risky driving scenario in a driving simulator following placebo and active doses of alcohol
calculated to yield target BACs of 0.08% and 0.05%, the respective current and recently
proposed BAC limits in the United States. The driving scenario placed drivers in a hightraffic, urban setting and encouraged risky driving by providing monetary incentive for
completing the drive scenario quickly. It was predicted that alcohol would increase risky
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driving, relative to placebo. Moreover, it was predicted that risky driving under alcohol
would be significantly diminished at a BAC of 0.05% compared with 0.08%.

2. Materials and methods
2.1. Participants
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Twenty licensed adult drivers (10 men and 10 women) between 21 and 35 years of age
participated in this study. Online postings and fliers placed around the greater Lexington
community advertised for the recruitment of individuals for studies on the effects of alcohol
on behavioral and mental performance. Interested individuals called the laboratory and
completed a telephone screen that gathered information on demographics, drinking habits,
other drug use, and physical and mental health status. Volunteers who self-reported head
trauma, psychiatric disorder, or substance abuse disorder were excluded from participation.
All volunteers had to drive a motor vehicle and consume alcohol at least one day per week.
Individuals were excluded if their current alcohol use met dependence/withdrawal criteria as
determined by the substance use disorder module of the Structured Clinical Interview for
DSM-IV (SCID-IV). No participant reported the use of any psychoactive prescription
medication and recent use of amphetamines (including methylphenidate), barbiturates,
benzodiazepines, cocaine, opiates, and tetrahydrocannabinol was assessed by means of urine
analysis (ICUP Drug Screen, Instant Technologies). Any volunteer who tested positive for
the presence of any of these drugs (with the exception of THC) was excluded from
participation. Current marijuana users were instructed to abstain from use for at least 24
hours prior to participation. No female volunteers who were pregnant or breast-feeding
participated in the research as verified by self-report and urinalysis (Icon25 Hcg Urine Test,
Beckman Coulter). Sessions were conducted in the Human Behavioral Pharmacology
Laboratory of the Department of Psychology. Volunteers were required to abstain from
alcohol for 24 hours, food for 4 hours, and water/fluids for 2 hours prior to each test session.
Test sessions were initiated between 10:00 a.m. and 6:00 p.m. At the beginning of each
session, a zero blood alcohol concentration (BAC) was verified by Intoxilyzer, Model 400
(CMI Inc., Owensboro, KY). The University of Kentucky Medical Institutional Review
Board approved the study. All participants provided informed consent, and received $130
compensation for their participation plus any bonus money based on their simulated driving
performance (see 2.2.1 Risk-based Drive Scenario).
2.2. Apparatus and materials
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A computerized driving simulator measured driving performance (STISIM Drive, Systems
Technology Inc., Hawthorne, CA). In a small room, participants sat in front of a 19-inch
computer display, which presented the driving simulation at a 60 degree horizontal field of
view. The simulation placed the participant in the driver seat of the vehicle, which was
controlled by steering wheel movements and manipulations of the accelerator and brake
pedals. At all times, the participant had full view of the road (lane width = 12 ft)
surroundings and instrument panel, which included an analog speedometer. Crashes, either
into another vehicle or off the road, resulted in the presentation and sound of a shattered
windshield. The program then reset the driver in the center of the right lane at the point of
the crash.
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2.2.1. Risk-based drive scenario—This simulated driving scenario was designed to test
risky driving behavior and required participants to drive 21,100 feet on a busy 4-lane street
within a metropolitan setting. There was no posted speed limit. Each direction of traffic
comprised two lanes. The driver was free to navigate among other vehicles within the
driver’s two lanes of traffic. Other vehicles were presented at various speeds in both lanes
such that the driver had to change lanes to overtake vehicles in order to maintain speed. To
instigate the potential for risk-taking, drivers could earn monetary reinforcement for quickly
completing the drive: $5 for completion in 3–4 min, $4 for 4–5 min, $3 for 5–6 min, $2 for
6–7 min, $1 for 7–8 min, and $0.50 for over 8 min. Drivers were penalized $0.50 for each
crash. This response conflict scenario is designed to mimic everyday driving behaviors in
which drivers are rewarded by arriving at their destination on time at the cost of potential
traffic citations, and has been successfully used in other research in our laboratory (e.g., Van
Dyke and Fillmore, 2015; Fillmore et al., 2008).
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The primary measure of driver risk was time-to-collision (TTC). This is a time-related safety
margin measure (Taieb-Maimon and Shinar, 2001), determined by the bumper-to-bumper
distance between two vehicles, divided by the closing speed of the vehicles (Zhang and
Kaber, 2013). TTC is operationally defined as the time that remains until collision occurs if
both the lead and the driven vehicle continue on the same course (Zhang et al., 2006). It is
obtained by taking the minimum value of the riskiest instance in which the driven car
approaches a lead car throughout the drive, sampled at each foot of the driving test. Riskier
driving is indicated by smaller TTC values (seconds). Average drive speed (mph) and
accident frequency were also measured.
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2.2.2. Subjective intoxication—Drivers provided a rating of their level of intoxication
on a 100 mm visual-analogue scale with anchors of 0 “not at all” to 100 “very much.” This
scale is sensitive to the effects of alcohol at the doses used in the current study (e.g.,
Harrison and Fillmore 2005; Harrison et al., 2007).
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2.2.3. Recent drinking habits—Recent patterns of alcohol use were measured by the
Timeline Follow-back (TLFB, Sobell and Sobell, 1992). The TLFB assessed daily patterns
of alcohol consumption over the past 90 days. The measure is structured with prompts to
facilitate participants’ recall of past drinking episodes to provide a more accurate
retrospective account of alcohol use during that time period. The TLFB provided a measure
of the total number of drinking days, the total number of drinks consumed, drinking days
they felt drunk (drunk days), and binge drinking episodes. A binge was defined as a drinking
episode in which the individual drank to achieve a resultant BAC that was equal to or greater
than the current legal limit (i.e., 0.08%). The resultant BAC was estimated for each drinking
episode based on the participant’s reported number of drinks, the duration of the episode,
and the participant’s gender and body weight. Estimated BACs were calculated using wellestablished, valid anthropometric-based BAC estimation formulae which assume an average
clearance rate of 15 mg/100 ml per hour of the drinking episode (McKim, 2007; Watson et
al., 1981).
2.2.4. Driving History and Experience Questionnaire — DHEQ (Harrison and
Fillmore, 2005)—This self-report questionnaire gathered information on driving history
Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.
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and behaviors. Included in the questionnaire are measures of driving experience such as
length of time holding a driver’s license and number of days and miles driven per week. The
questionnaire also gathered information about participants’ driving behaviors, such as
license revocations, traffic accidents, and traffic tickets.
2.2.5. Drug Abuse Screening Test — DAST (Skinner, 1982)—This 28-item selfreport questionnaire screened for drug abuse problems. A score of six or more has been
suggested as indicative of a drug use disorder (Skinner, 1982).
2.2.6. Alcohol Use Disorders Identification Test — AUDIT (Babor et al., 1989)—
This 10-item self-report questionnaire assessed consequences of harmful drinking. Higher
total scores indicate greater problems with alcohol.
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2.3. Procedure
2.3.1. Familiarization session—The purpose of this session was to familiarize
participants with laboratory procedures, obtain information on recent drinking history
(TLFB), driving history (DHEQ), risky drug use (DAST and AUDIT), and general health
status and demographic characteristics. Participants also completed practice versions of the
risky driving scenario.
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2.3.2. Test sessions—Alcohol effects on driving performance were examined in a
within-subjects design where each participant was tested under 0.70 g/kg, 0.50 g/kg, and 0.0
g/kg (placebo) alcohol on separate days in counterbalanced order. Dose administration was
blind to each participant. Sessions were separated by a minimum of one day and a maximum
of one week. The alcohol dose was calculated based on body weight and administered as
absolute alcohol (95% alc/vol) mixed with three parts carbonated lemon/lime flavored soda.
The soda mixer was clear in color and did not contain any active ingredients. Participants
consumed each dose in six minutes. The 0.70 g/kg dose was expected to produce an average
peak BAC of 80 mg/100 ml (0.08%) approximately 60–70 min after consumption, and the
0.50 g/kg dose was expected to produce an average peak BAC of 50 mg/100 ml (0.05%) in
the same timeframe. The placebo beverage consisted of a volume of carbonated mix that
matched the total volume of the 0.50 g/kg alcohol beverage. A small amount (i.e., 3 ml) of
alcohol was floated on the top of the placebo beverage and each glass was sprayed with an
alcohol mist that provided a strong alcoholic scent as the beverage was consumed.

Author Manuscript

For each dose session, BACs were sampled every five minutes until participants were within
5 mg/100 ml of the target BAC (i.e., 50 mg/100 ml; 80 mg/100 ml) for each active dose,
after which testing began. Thus, the onset of testing varied across participants and dose.
Testing under placebo followed the same procedure, with the exception that the onset of
testing was fixed at 50 min post-beverage consumption for all participants. This timing
procedure was chosen to be comparable to the anticipated onset of testing for the 0.05%
target BAC condition. Immediately following completion of the risky drive test, participants
provided a BAC sample and rated their level of intoxication. Afterwards, participants relaxed
at leisure in a lounge area where they remained until their BAC reached 20 mg/100 ml.
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Transportation home was provided after the sessions. Participants were paid and debriefed
upon completion of the final session.

3. Results
3.1. Demographics, drinking and driving history, and other drug use
The racial makeup of the sample was 90% Caucasian and 10% Asian. Table 1 lists drivers’
background characteristics, including driving experience and recent drinking history. Mean
scores indicate that the sample consisted of experienced drivers who consumed alcohol on a
regular basis. In terms of other drug use, some subjects reported using caffeine (n = 18),
marijuana (n = 5), and tobacco (n = 6) in the past 30 days. Two subjects tested positive for
THC at testing, though both self-reported abstaining for more than one week prior to
participation.
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3.2. Blood alcohol concentrations
Drivers’ mean BACs at the 0.05% (0.50 g/kg) and 0.08% (0.70 g/kg) target BAC doses,
calculated by taking the average of pre- and post-test BACs were 52.5 mg/100 ml (SD = 7.8)
and 83.0 mg/100 ml (SD = 11.2), respectively. Table 2 reports pre- and post-test mean BACs
for each dose by sex. The table shows higher BACs following 0.70 g/kg versus 0.50 g/kg
alcohol and also shows higher BACs in women compared with men. A 2 dose (0.50 vs. 0.70
g/kg) X 2 time (pre-test vs. post-test) X 2 sex mixed-model analysis of variance (ANOVA)
confirmed main effects of dose, F(1, 18) = 163.34, p < .001, ηp2 = 0.90, and sex, F(1, 18) =
9.78, p = .006, ηp2 = 0.35. No interactions were found (ps > .264). The mean number of
minutes from the onset of drinking to the onset of testing for the 0.05% and 0.08% target
BACs was 47.3 min (SD = 5.0) and 59.9 min (SD = 8.1), respectively.
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3.3. Risky driving behavior
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Figure 1 plots the mean TTC values under each dose. The figure indicates that alcohol
generally increased risky driving, with the greatest levels of risk-taking seen under the
0.08% target BAC. A 3 dose (placebo; 0.50 g/kg; 0.70 g/kg) × 2 sex mixed-model ANOVA
of risky driving revealed a significant main effect of dose on drivers’ risk-taking, F(2, 36) =
3.86, p = .030, ηp2 = 0.18, indicating a general increase in risk-taking under alcohol. No
main effect of sex or interaction between dose and sex was found (ps > .358). Given no sex
differences in risky driving, subsequent a priori paired-sample t tests comparing risky
driving under each dose were collapsed across sex. In line with previous research in this
area, risky driving under the 0.08% target BAC was significantly greater than risk-taking
under placebo, t(19) = 2.48, p = .023, d = 0.60. Moreover, risk-taking at the 0.05% target
BAC was significantly lower than risk-taking at the 0.08% target BAC, t(19) = 2.15, p = .
045, d = 0.48. The difference in risk-taking between placebo and 0.05% was not statistically
significant, t(19) = 0.76, p = .460, d = 0.14.
With regard to the effect of alcohol on secondary simulated driving outcome measures, Table
3 reports drivers’ mean number of motor vehicle crashes, mean speed, and monetary rewards
earned on the risky drive scenario. The table shows that crashes were infrequent, averaging
less than a single crash during the drive. A 3 dose (placebo; 0.50 g/kg; 0.70 g/kg) × 2 sex
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mixed-model ANOVA of crashes showed a significant dose effect, F(2, 36) = 3.75, p = .033,
ηp2 = 0.17. Table 3 reports that crashes increased as function of dose. No main effect of sex
or dose by sex interaction was found (ps > .299). With regard to drivers’ mean speed and
monetary rewards earned on the risky drive scenario, no significant main effects of dose or
sex, or interactions between dose and sex were found (ps > .181).
3.4. Subjective intoxication

Author Manuscript

Subjective intoxication was analyzed by a 3 dose (placebo; 0.50 g/kg; 0.70 g/kg) × 2 sex
mixed-model ANOVA and revealed main effects of dose, F(2, 36) = 27.68, p < .001, ηp2 =
0.61, and sex, F(2, 36) = 4.45, p = .049, ηp2 = 0.20. The interaction between dose and sex
was marginally significant, F(2, 36) = 3.16, p = .054, ηp2 = 0.15. For men, the mean (SD)
intoxication ratings for the placebo, 0.50 g/kg, and 0.70 g/kg doses were 14.7 (20.2), 41.6
(23.7), and 42.3 (27.1), respectively. For women the mean intoxication ratings for the
placebo, 0.50 g/kg, and 0.70 g/kg doses were 20.2 (28.0), 53.8 (23.3), and 75.7 (16.1). Thus,
women reported higher ratings of intoxication than men.

4. Discussion
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The present study examined the acute effect of alcohol on driver risk-taking at the current
and recently proposed BAC limits of 0.08% and 0.05%, respectively. Results indicated that
alcohol increased risk-taking by significantly decreasing drivers’ safety margins (lower
TTC) at the 0.08% target BAC relative to placebo. This finding provides important
replication of previous work in this area that reports significantly elevated risk-taking under
a comparable dose and BAC (Laude and Fillmore, 2015). These findings also provide
corroborating evidence of TTC as a laboratory measure of risk-taking that is sensitive to
moderate doses of alcohol. Results also indicated that risk-taking at the 0.05% target BAC
was significantly less than risk-taking at the 0.08% target BAC, such that drivers increased
their safety margins under the 0.05% target BAC. This finding provides laboratory-based
evidence that adherence to a lower BAC limit of 0.05% could function to decrease driver
risk-taking. Risk-taking at the 0.05% target BAC showed no statistical increase relative to
placebo. With regard to self-evaluations of intoxication, as expected, drivers self-reported
greater levels of intoxication as a function of increasing dose.

Author Manuscript

A limitation commonly reported in simulated driving studies concerns the degree to which
driving simulators model driving behavior outside the laboratory. Although measures of
simulated driving performance attempt to model more complex, “real-life” activities,
ironically they often come under greater scrutiny with regard to their ecological validity than
do simple laboratory tasks. A common criticism is that simulated driving might overestimate
poor or reckless driver behavior because it does not engender the same degree of driver
motivation as actual driving, since there is no actual risk to personal injury. However, despite
the lack of injury risk in the laboratory, drivers display little tendency for risk-taking unless
there is some explicit incentive to do so. In this study, risk-taking was instigated by
providing monetary incentive to complete the drive quickly. Such incentives are necessary to
prompt risky driving maneuvers in order to examine how this behavioral tendency can be
exacerbated by alcohol. We chose monetary incentives because they are potent reinforcers of
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risky driving behavior in the laboratory as demonstrated in previous studies (e.g., Fillmore et
al., 2008; Laude and Fillmore, 2015). Outside the laboratory, instigation to engage in risky
driving is commonplace in many driving situations. Being late and in a hurry to get
somewhere is a familiar example of an instigation for a driver to risk-take and there is a
strong incentive to speed in order to arrive on time and avoid possible punishment for being
late for work or some other important engagement. As such, it is important for researchers to
consider incentives to risk-take in laboratory analyses of risky driving behaviors.
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It is important to consider how these findings impact public policy surrounding proposals to
lower the legal driving limit. Although the sample mean BACs for each dose were close to
the desired 0.05% and 0.08% targets, unavoidable variation in rates of absorption and
metabolism following oral alcohol administration resulted in individual participant BACs
that in some cases were above or below the desired targets. In addition, variation was
introduced as a result of women achieving slightly higher BACs than men, although no sex
differences in the response to alcohol were observed. Examination of the BAC distributions
for the 0.05% and 0.08% target BACs using stem and leaf plots confirmed the majority of
BACs were close to the desired targets. Analyses revealed the range between the lower and
upper quartiles around the median BACs for the 0.05% and 0.08% target BACs was 8.5
mg/100 ml and 13.5 mg/100 ml, respectively. Although oral dosing provides ecological
validity, future studies could limit the effect of BAC variation by employing clamping
techniques to maintain steady-state BACs during assessment of risk-taking over longer
periods of time. Similarly, it should be noted that testing in the current study occurred
predominately on the ascending limb of the BAC curve. Given that decisions to drive after
drinking often occur as BACs are declining, it is important for future research to consider
alcohol’s effect on risk-taking across the entire curve.
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It is also important to consider how alcohol effects on driver risk-taking can be influenced
by the situation and the characteristics of the driver. The drive scenario in the current study
was relatively short (i.e., ~5 min) and only required drivers to manipulate the steering wheel
and accelerator and brake pedals to overtake nearby vehicles. It is recognized that this
situation is somewhat simplistic given that everyday driving also requires individuals to
simultaneously contend with a multitude of distractions, such as numerous dashboard
controls, passengers in the vehicle, and cellular telephones. Laboratory research has shown
these forms of distraction impair driving skill, especially in drivers under the influence of
alcohol (e.g., Harrison and Fillmore, 2011; Rakauskas et al., 2008; Van Dyke and Fillmore,
2015). At present it is unclear how such distracting or high demand driving environments
might affect drivers’ proclivity for risk-taking, and the degree to which alcohol might
increase such risky driving. Thus, the possibility that alcohol-induced risky driving may be
increased in the presence of common sources of distraction and/or longer commutes is
unknown. Such findings would have considerable implications on public policy surrounding
drinking and driving.
In terms of driver characteristics, it is recognized that drivers in the current study were
healthy adults with no history of psychiatric disorder, criminal offense, or substance use
disorder. At-risk populations, such as binge drinkers, adults with ADHD, individuals who
readily drive after drinking, or have been arrested for DUI, who are characterized by traits of
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impulsivity, might be particularly susceptible to risky driving. As mentioned in the
introduction, aspects of impulsivity (e.g., inhibitory control) have shown to be related to
risky driving (Fillmore et al., 2008). This effect has also been shown on an individual basis,
such that individuals who are most susceptible to the impairing effect of alcohol on
inhibitory control exhibit the greatest risk-taking (Laude and Fillmore, 2015). Thus, at-risk
populations who are known to act impulsively might not only be more likely to engage in
day-to-day risky driving, but might be particularly vulnerable to increased risk-taking after
consuming alcohol.

Author Manuscript

In conclusion, the findings from the current study provide the first pieces of evidence that a
reduction in the legal driving limit in the United States from 0.08% to 0.05% could function
to reduce risky driving behaviors. Further research will be needed to determine how these
findings relate to other scenarios and at-risk populations, such as individuals who regularly
engage in risky driving or those who have been arrested from drinking under the influence of
alcohol. A clearer understanding of the dose-response relationship between various aspects
of driving behaviors, such as drivers’ accepted level of risk while driving, is an important
step to improving traffic safety.

Contributors
Nicholas Van Dyke and Mark Fillmore designed the study and wrote the protocol. Nicholas
Van Dyke managed the literature searches and summaries of previous related work. Nicholas
Van Dyke undertook the statistical analyses, and Nicholas Van Dyke and Mark Fillmore
wrote the first draft of the manuscript. All authors contributed to and have approved the final
manuscript.

Author Manuscript

Acknowledgments
Role of funding source
This research was funded by NIAAA grant R01 AA021722 and NIDA grant T32 DA035200. These agencies had
no further role in study design; in the collection, analysis and interpretation of data; in the writing of the report; or
in the decision to submit the paper for publication. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Institutes of Health.

References

Author Manuscript

Babor, TF., De La Fuente, JR., Saunders, JB., Grant, M. AUDIT — The alcohol use disorders
identification test: Guidelines for use in primary health care. Geneva: World Health Organization);
1989.
Barry H. Motivational and cognitive effects of alcohol. J Safety Res. 1973; 5:200–221.
Blincoe, LJ., Miller, TR., Zaloshnja, E., Lawrence, BA. The economic and societal impact of motor
vehicle crashes, 2010. National Highway Traffic Safety Administration; Washington, DC: 2015.
Report No. DOT HS 812 013(Revised)
Burian SE, Hensberry R, Liguori A. Differential effects of alcohol and alcohol expectancy on risktaking during simulated driving. Hum Psychopharmacol Clin Exp. 2003; 18:175–184.
Burian SE, Liguori A, Robinson JH. Effects of alcohol on risk-taking during simulated driving. Hum
Psychopharmacol Clin Exp. 2002; 17:141–150.
Cohen J. A power primer. Psychol Bull. 1992; 112:155. [PubMed: 19565683]

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

Van Dyke and Fillmore

Page 11

Author Manuscript
Author Manuscript
Author Manuscript
Author Manuscript

Cohen J, Dearnaley EJ, Hansel CEM. The risk taken in driving under the influence of alcohol. Brit
Med J. 1958; 1:1438. [PubMed: 13536526]
DTMR. Queensland Road Toll 2020. DTMR; Brisbane: 2011.
Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power analysis program
for the social, behavioral, and biomedical sciences. Behav Res Methods. 2007; 39:175–191.
[PubMed: 17695343]
Fillmore MT, Blackburn JS, Harrison EL. Acute disinhibiting effects of alcohol as a factor in risky
driving behavior. Drug Alcohol Depend. 2008; 95:97–106. [PubMed: 18325693]
Fillmore MT, Harrison ELR. The impairing effects of alcohol intoxication and speeding on driving
precision: Analyses of additive and interactive effects. Adv Trans Stud. 2007; 2007(Spec. Iss):65–
70.
Harrison EL, Marczinski CA, Fillmore MT. Driver training conditions affect sensitivity to the
impairing effects of alcohol on a simulated driving test to the impairing effects of alcohol on a
simulated driving test. Exp Clin Psychopharmacol. 2007; 15:588. [PubMed: 18179312]
Harrison ELR, Fillmore MT. Are bad drivers more impaired by alcohol? Sober driving predicts
impairment from alcohol in a simulated driving task. Accid Anal Prev. 2005; 37:882–889.
[PubMed: 15907777]
Harrison EL, Fillmore MT. Alcohol and distraction interact to impair driving performance. Drug
Alcohol Depend. 2011; 117:31–37. [PubMed: 21277119]
Hayward JC. Near-miss determination through use of a scale of danger. Highway Res Rec. 1972; (384)
Jewett A, Shults RA, Banerjee T, Bergen G. Alcohol-impaired driving among adults—United States,
2012. MMWR Morb Mortal Wkly Rep. 2015; 64:814–17. [PubMed: 26247434]
Laude JR, Fillmore MT. Simulated driving performance under alcohol: Effects on driver-risk versus
driver-skill. Drug Alcohol Depend. 2015; 154:271–277. [PubMed: 26231663]
Leung S, Starmer G. Gap acceptance and risk-taking by young and mature drivers, both sober and
alcohol-intoxicated, in a simulated driving task. Acc Anal Prev. 2005; 37:1056–1065.
Marczinski CA, Fillmore MT. Preresponse cues reduce the impairing effects of alcohol on the
execution and suppression of responses. Exp Clin Psychopharmacol. 2003; 11:110. [PubMed:
12622349]
Michon, JA. Hum Beh Traffic Safety. Springer US; 1985. A Critical View Of Driver Behavior Models:
What Do We Know, What Should We Do?; p. 485-524.
McKim, WA. Drugs And Behavior: An Introduction To Behavioral Pharmacology. 6th. Prentice Hall;
New Jersey: 2007.
Mitchell MC. Alcohol-induced impairment of central nervous system function: Behavioral skills
involved in driving. J Stud Alcohol suppl. 1985; 10:109–116. [PubMed: 3862850]
Moskowitz H, Fiorentino D. A Review Of The Literature On The Effects Of Low Doses Of Alcohol
On Driving-Related Skills (No. HS-809 028). 2000
Moskowitz H, Robinson CD. Effects Of Low Doses Of Alcohol On Driving-Related Skills: A Review
Of The Evidence (No. HS-807 280). 1988
National Transportation Safety Board, Bureau of Safety Programs, and United States of America.
Reaching Zero: Actions to Eliminate Alcohol-Impaired Driving. 2013
Ogden EJ, Moskowitz H. Effects of alcohol and other drugs on driver performance. Traffic Inj Prev.
2004; 5:185–198. [PubMed: 15276919]
Rakauskas ME, Ward NJ, Boer ER, Bernat EM, Cadwallader M, Patrick CJ. Combined effects of
alcohol and distraction on driving performance. Accid Anal Prev. 2008; 40:1742–1749. [PubMed:
18760103]
Ranney TA. Models of driving behavior: A review of their evolution. Accid Anal Prev. 1994; 26:733–
750. [PubMed: 7857489]
Salvucci DD. Modeling driver behavior in a cognitive architecture. J Hum Fact Erg. 2006; 48:362–380.
Shiffrin, RW., Dumais, ST. The development of automatism. In: Anderson, JR., editor. Cognitive Skills
and their Acquisition. Lawrence Erlbaum Associates; Hillsdale, NJ: 1981. p. 111-140.
Skinner HA. The drug abuse screening test. Addict Behav. 1982; 7:363–371. [PubMed: 7183189]

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

Van Dyke and Fillmore

Page 12

Author Manuscript
Author Manuscript

Sobell, LC., Sobell, MB. Timeline followback: A technique for assessing self-reported alcohol
consumption. In: Litten, RZ., Allen, J., editors. Measuring alcohol consumption: Psychosocial and
biological methods. Humana Press; New Jersey: 1992. p. 41-72.
Summala, H. Human Behavior And Traffic Safety. Springer US; 1985. Modeling Driver Behavior: A
Pessimistic Prediction; p. 43-65.
Summala H. Risk control is not risk adjustment: The zero-risk theory of driver behaviour and its
implications. Ergonomics. 1988; 31:491–506.
Taieb-Maimon M, Shinar D. Minimum and comfortable driving headways: Reality versus perception. J
Hum Fact Erg. 2001; 43:159–172.
Van Dyke N, Fillmore MT. Alcohol effects on simulated driving performance and self-perceptions of
impairment in DUI offenders. Exp Clin Psychopharmacol. 2014; 22:484. [PubMed: 25347077]
Van Dyke NA, Fillmore MT. Distraction produces over-additive increases in the degree to which
alcohol impairs driving performance. Psychopharmacology. 2015; 232:4277–4284. [PubMed:
26349918]
Watson PE, Watson ID, Batt RD. Prediction of blood alcohol concentrations in human subjects:
Updating the Widmark equation. J Stud Alcohol Drug. 1981; 42:547.
Weafer J, Fillmore MT. Low-dose alcohol effects on measures of inhibitory control, delay discounting,
and risk-taking. Curr Addict Rep. 2016; 3:75–84.
Wilde GJ. The theory of risk homeostasis: Implications for safety and health. Risk Anal. 1982; 2:209–
225.
Zhang Y, Antonsson EK, Grote K. A new threat assessment measure for collision avoidance systems.
2006 IEEE Intelligent Transportation Systems Conference. 2006:968–975. IEEE.
Zhang Y, Kaber DB. An empirical assessment of driver motivation and emotional states in perceived
safety margins under varied driving conditions. Ergonomics. 2013; 56:256–267. [PubMed:
23231697]

Author Manuscript
Author Manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

Van Dyke and Fillmore

Page 13

Author Manuscript

Highlights
•

Analysis of risky driving behaviors at 0.05% versus 0.08% blood alcohol
concentration (BAC) in a driving simulator

•

Risk-taking at 0.05% was significantly lower than risk-taking at 0.08%

•

Reducing the legal driving limit from 0.08% to 0.05% could reduce risky
driving
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Figure 1.

The mean time-to-collision values (TTC) from the risk-based driving scenario under
placebo, 0.50 g/kg (0.05% target), and 0.70 g/kg (0.08% target) alcohol. Capped vertical
lines indicate standard error of the mean.

Author Manuscript
Author Manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

Van Dyke and Fillmore

Page 15

Table 1

Author Manuscript

Background characteristics.
M

SD

Age

24.0

3.0

AUDIT

8.80

4.35

DAST

2.60

2.66

104.40

45.97

DHEQ
Months driving

Author Manuscript

Driving frequency

5.00

2.10

Miles per day

27.65

27.40

Traffic citations

1.65

1.69

Traffic crashes

1.85

4.26

Drinking days

27.26

17.92

Total drinks

126.32

86.68

Binge days

9.11

9.45

Drunk days

9.11

7.00

TLFB

Age = subjects’ age in years at time of participation; AUDIT = Alcohol Use Disorders Identification Test scores; DAST = Drug Abuse Screening
Test scores; Months driving = total months of licensed driving; Driving frequency = total number of driving days per week; Miles per day = total
number of miles driven per driving day; Traffic tickets = total number of traffic citations; Traffic crashes = total number of motor vehicle crashes in
which the participant was the driver of the vehicle; Drinking days = total drinking days in the past 3 months; Total drinks = total number of drinks
consumed in the past 3 months; Binge days = total number of drinking episodes in which the participant drank to the legal limit of 0.08%; Drunk
days = total number of drinking days in which the participant self-reported feeling drunk.
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BACs by sex
Men

Women

M (SD)

M (SD)

Pre-test BAC

46.9 (6.8)

59.2 (7.1)

Post-test BAC

48.1 (5.1)

55.9 (7.4)

Avg. BAC

47.5 (4.7)

57.6 (7.1)

Pre-test BAC

77.2 (12.7)

86.5 (12.5)

Post-test BAC

80.0 (10.5)

88.2 (11.8)

Avg. BAC

78.6 (10.6)

87.4 (10.5)

0.50 g/kg alcohol

0.70 g/kg alcohol
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Pre-test BAC = BAC immediately prior to risky drive test; Post-test BAC = BAC immediately following risky drive test; Avg. BAC = average BAC
across the drive test, calculated by the average of pre- and post-drive test BAC readings. All BACs reported in mg/100 ml.
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Behavioral measures of driving performance under alcohol
0.0 g/kg

0.50 g/kg

0.70 g/kg

M (SD)

M (SD)

M (SD)

Drive speed

51.3 (10.0)

51.6 (8.1)

51.4 (9.0)

Motor vehicle crashes

0.20 (0.41)

0.45 (0.83)

0.70 (0.92)

Monetary incentive

3.53 (0.99)

3.50 (0.87)

3.25 (1.03)

Drive speed = average drive speed throughout the drive (mph); Motor vehicle crashes = mean number of traffic crashes; Monetary incentive = mean
rewards (US dollars) earned on the risky drive scenario, determined by time to completion and motor vehicle crashes (see methods).
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